I. Introduction
The densification of snow is understood as a process of pressure sintering or hot press of ice particles.[l,2 1 Important mechanisms working in the process are particle rearrangement, dislocation creep and diffusional creep, but the extent of contribution of each mechanism, especially that of the particle rearrangement, has not been made clear.
In the study of snow-density profiles at three sites on the East-Antarctic ice sheet, Ebinuma et al. [31 noted a characteristic bend around a density of 700 kg/m3 and suggested that the bend was caused by the active contribution of dislocation creep to the densification process. The present paper aims to examine the above conclusion by using other snow-density profiles obtained in Antarctica and Greenland as well, and to discuss the physical meaning of the bend in reference to the pressure sintering and mechanical properties of ice.
11. New bends in snow-density profiles Fig. 1 gives snow-densities measured by core analyses at eight sites on the Antarctic and Greenland ice sheets plotted against logarithms of overburden pressure (the integrated load at a depth due to overburden snow); This kind of plots gives more physical implication than usual density-depth plots [ 3 1 . In each profile a characteristic bend is indicated by an arrow around a density of 700 kg/rn3 and a Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:1987137 pressure of 0.1 MPa; numerical values of density and pressure at the bend are tabulated in Table 1 .
It is well known that snow-density profiles at polar glaciers usually show bends at densities around 550 and 820-840 kg/m3; the two bends are considered to be related respectively to the attainment of stable mechanical packing of ice particles and the snow-ice transition.[9,101
The two bends, however, are clearly different from those indicated in Fiq. 1 In the previous paper OVERBURDEN SNOW PRESSURE Pa --
Ebinuma et
proposed that Fig.1 Density versus overburden snow pressure at the bend the eight sites in Antarctica and Greenland.[4-81 dominance Of the Numerals in each figure are annual temperature and dislocation-creep mechanism. snow-accumulation rate. A characteristic bend The conclusion suggests a close point is indicated with an arrow. relation between the bend and a critical density of 730 kg/m3, which was found by Maeno [I31 in a snow-density profile at Mizuho Station, Antarctica, and was explained as a point at which snow has an optimum packing structure, i.e. contact areas between particles are maximum. In the following physical characteristics of the bend are discussed in reference to the theory of pressure sintering by the dislocation-creep mechanism at a constant pressure.
The strain rate of the densification ( i ) is given as a function of density (p) and pressure (P) as [I41 where Q is the activation energy (=74.5 kJ/mol) and R and T are the gas constant and absolute temperature respectively. In the case of snow densification, the overburden snow pressure (P) varies with time; the rate of the pressure increase is related to the snow accumulation rate (a):
where g is the acceleration of gravity. Eq. (I) is written by using Eq. (3) as Numerical integration of Eq. ( 4 ) was proceeded to get a density-pressure profile at a given temperature and accumulation rate. The initial density was assumed to be 550 kg/m3 in the calculation, at which the primary mechanical packing is considered to be_ finished ; the initial pressure was assumed to be that at the density of 550 kg/m3 at each site. Fig. 2 gives calculated density-pressure profiles at the sites of G2, 518 and Vostok in Antarctica, together with the measured data; annual temperatures of S18 and Vostok are respectively the highest and lowest among sites considered in this paper.
It is evident that the contribution of the dislocation creep becomes very effective to increase the density at a pressure around 0.1 MPa and that the pressure is nearly equal to that of the bend at each site. This result leads to a conclusion that the bend appears in a snow-density profile because of the predominant contribution of dislocation creep over that of other mechanisms.
A precise value of bend point cannot be determined because the quantitative extent of other contributions than dislocation creep cannot be estimated separately. However, particle rearrangement is known to be a main mechanism of densification below the density of 550 kg/m3, and recently Ebinuma and Maeno [21 showed that particle rearrangement is still effective up to a density of about 700 kg/m3. Consequently the densification of snow.in a range from 550 kg/m3 to about 700 kg/3 should be understood as a transition region in which the densification mechanism gradually changes from particle rearrangement to dislocation creep.
The bend pressure is larger at inland than at coastal sites (Table I) , which can also be explained reasonably.
In Fig. 3 solid and broken lines give respectively the calculated density-pressure profiles at a constant snowaccumulation rate (200 kg/m2a) and at a constant temperature (-30~). The calculated bend pressure increases with decreasing temperature but decreases with decreasing snow-accumulation rate. Farther sites from the coast correspond to those of lower annual temperature and smaller snow accumulation rate; the observed result is then reasonably understood to reflect the temperature dependence of densification by dislocation creep.
IV. Discussion
The real or effective pressure at the I ?~~~ contact between ice particles should be larger where ZO(=7.3) and po are the initial coordination number and density of snow; x and r are radii of the bond and particle I n e a c h f i g u r e t h e e f f e c t i v e p r e s s u r e i n c r e a s e s w i t h i nc r e a s i n g d e p t h a n d b e c o m e s a l m o s t c o n s t a n t a t a d e p t h c o r r e s p o n d i n g t o t h a t o f b e n d f o u n d i n a s n o w -d e n s i t y p r o f i l e . The c o n s t a n t e f f e ct i v e p r e s s u r e s u g g e s t s a s t e a d y s t a t e o f d e f o r m a t i o n o r y i e l d a t t h e c o n t a c t . T h i s r e s u l t i s i n a c c o r d a n c e w i t h t h e a b o v e c o n c l u s i o n t h a t t h e d i s l o c a t i o n c r e e p d o m i n a t e s a t d e n s i t i e s a b o v e t h e b e n d d e n s i t y . The y i e l d s t r e n g t h ( 0 ) o f i c e a t t h e c o n t a c t a r e a c a n b e e s t i m a t e d a s o n e -t h i r d o f t h e c g n s t a n t e f f e c t i v e p r e s s u r e i n a s t e a d y s t a t e i n c o n s i d e r a t i o n t h a t t h e d e f o r m a t i o n i s s i m i l a r t o t h a t i n a n i n d e n t at i o n t e s t . A s s u m i n g t h a t t h e s n o w -a c c u m u l a t i o n r a t e i s c o n s t a n t , t h e s t r a i n r a t e o f d e n s i f i c a t i o n o r t h a t o f t h e y i e l d s t r e n g t h m e a s u r e m e n t c a n b e e s t i m a t e d f r o m t h e r e l a t i o n b e t w e e n t h e d $ n s i t y a n d t h e o v e rb u r d e n p r e s s u r e : C a l c u l a t e d v a l u e s of s t r a i n r a t e s a r o u n d t h e bend a r e t a b u l a t e d i n T a b l e 11; t h e y ranged from 1.8~10-l1 t o 1 . 5~1 0 -~~ s-I.
Laboratory measurements a t such low s t r a i nr a t e s a r e almost impossible t o be c a r r i e d out. Table 11 . S t r a i n r a t e evaluated from pressure-density p l o t . The y i e l d s t r e n g t h t h u s e s t i m a t e d i s compared w i t h o t h e r l a b o r a t o r y r e s u l t s l181 i n Fig. 5 ; i n t h e p l o t t h e v a l u e s w e r e c o n v e r t e d t o t h o s e a t -9 . 5 O~ by u s i n g t h e following Arrhenius-type equation: lo4-,aill";b-id sl l ; L-i l lll~~O-kl"";>l lluyL-~ 1""6" ""';;-:" 1,1111 lGkl IIIIIII 1 6 2 1 I where G O i s t h e y i e l d s t r e n g t h a t temperature To and t h e c r e e p c o n s t a n t ( n ) i s t h e same as Eq. (2) . It is shown in Fig. 6 that the yield strength estimated is in fairly good agreement with the extrapolation of laboratory results obtained at strain rates from lo-' to 10-I s-I, and that the values are by one or two orders of magnitude smaller than the mechanical tests.
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